Supplementary Materials & Methods
Far UV CD Data Fitting. As shown in Figure 2B , the apparent fraction of unfolded α 1 AT, f app, as a function of gaunidinium chloride (GdmCl) concentration was determined from the ellipticity at 222 nm and fit to the following equation 1 :
where N, I and U indicate the native, intermediate and denatured state ensembles respectively. Z I is a fitting parameter which relates the CD signal of I at 222 nm to those of N and U; and ∆G JK is the Gibbs free energy difference between states J and K assuming that ∆G is linearly dependent on the denaturant concentration 1, 2 :
where ∆G(H 2 O) is the Gibbs free energy difference between the states in the absence of denaturant. The results of these fits are shown in Table S2 .
Steady State Fluorescence. Steady state fluorescence emission spectra and fluorescence anisotropies for α 1 AT single Cys variants were collected using a Fluorolog fluorometer (Horiba Jobin Yvon) with 488 nm excitation for AF488 and 520 nm excitation for TR labeled protein respectively.
SpFRET & FCS Data Collection.
The spFRET data were collected as previously described 3, 4 .
In brief, the 488 nm line from an Ar-Kr laser (Melles-Griot) was focused into the sample using a 500drlp dichroic mirror (Chroma Technology) and a 60x water immersion objective (Olympus). and Origin (OriginLab). Table S1 . Asphericity parameters 5 , determined for the serpins α 1 AT, plasminogen activator inhibitor (PAI-1) and tengpin from X-ray crystal structures. 
Serpin conformation
∆ Asphericity 0 ≤ ∆ ≤ 1 ∆ = 0 sphere S Shape (-1/4) ≤ S ≤ 1 S=0
